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summary

Over the past quarter, firm~ decioins pertaining to the hardware makeup of

the time-shared 7090 system have be made. Based upon these decisions, throe

remote consoles, complete with a digital~ plotter (for graphical output), type-

writer, and a grapkical hand-drawn ispakP dew'ice are being constructed. To Cos-

trol the plotters, a special-purpose cez-.puter is b~eing built. Of theme three

units, only tke hand-draws input devic. is still in prototype desiga and

construct ion stage.

Having made those hardware decialioc and a decision to use an existing

algebraic language and compiler (MAD) fter em-line symbolic input, work cam new

go rapidly ahead upon modifying this eeniiler to provide increased tine-shared

compatability and eff iciency, including polotted outputs and head-drawn inputs for

The major declsions with respect t* sclieduling and meuory allocation have

now been madte and will be incorporated inm the eperating system.

The major emphasis of the projeot is now reatativoly free to move over

sore heavily into the end usage and sot tiwe problems of man-machin, interaction.



1. Study Areas

a, Graphical Laxpages

Now that almost all hardware aspectm of the zystem are reasonably well

specified, attention is being very strongly directed towards end usages, and

in particular, the classes of cemutatien requirments that should be met, an

well as the best language forms for specifying and perceiving results.

To this emd, members of the group are new working closely with research

groups in network theory, plasia research, naterials research, and solid state

physics. In addition, a number of these% for specific types of problems are

being undertaken to arrive at better lantmages with primary eapkasis upon input

languages.

The graphical languag es being consiered ne include hand-drawn, twa-

dimensieul mathenatical foroulas, flow diagrens, metrerk diagrams, and dimensioned

drawings. The mest general reqxitreuet for output laaguages weuld oeem to be in

the direction of providing versatile plots of functiona.

One of the most cmoua of the desired capabil'Itles is tkt of solving and

simplifying involved partial and ordinary dlfferettial equations to obtala

reasonable approxJimations.

Muck more wark needs to be done in this area zad inereasiag emphasis will

be given to it as ether parts become eperatioal.

b. Memory Allocation mnd Scheduli g

A roelatively ralghtforward algoritha hMs been developed for the decisiom

procedures Imvolved in heduling within the time-charing system being developed,

As has been previenuly reperted, the bzsic mcheme for time sharing will

involve running program sequentially (kut not necesarily to comapletion) for

shert periods of time, after which thfe p~rgraw are sent out (via channels) to

temporary (Wioc) storage until ftheir turn in the "wing" of rumning programs

came up ,gai,. Tio mckeme requires a minimum of memery space for three pro-

grawa. Offie of which is ruaming, the seond *e tn, t way in or out, stnd the third

small pragra centrelling the 10 messages aad sduling.

The basic criteria of tlia scheme has boon to maximize etficiently (defined

here as the percentage of total machime time devet(ed to useful ceaputgtion),

subject to a constraint of not inducing gatic ble celaya at consoles. A teattlve



goal for efficiency of about 95 per cent has led to a running time cycle of
about 2 secosda an the 7090.

Until recently, one usselvesi probley, has been the question of determining
the order In which programs should fit into the "ring" of active running pirogframs

A relatively simple (and computationally feAs) algorithm for determining
the order has been developed. The procendure involves sorting the active program
in order of memory size, then intersperriag the omi.ll-sized program* In increasing
order in between the large-sized prograis in decreaving order. Based upon the
distribution of program sizes (oxcludlan, cenpilers) that has boom determined in
the ipnat this procedure should produce the desired results.

c. Information Retrieval

The question. of long tern storage nxe.~da for 41ats, sad programs (source,
intermediate, and object language) im new undergo.Tag some scrutiny, In particular,
the questions of specifying what Is to Iss retrieved, what is to bo kept, ad for
hew long and in what ferm the data are to be kept are ot Importance. No striking
solutions have yet presented themselves, tout the problem is capable of being
solved by simple successive "cut and try" procedutres

It. Hardware

a. General

The project has. now largely deterstimed the =?eup of the. input-output
consoles, and with this decision, set twis, &4A well as hardware plans, are
becoming firmer. The9 apability of each of the thzree present3y-plaad stations
will iaclude graphical.,.taput-output witt. kard ce-p byproducts, as well as flexe-
writers (punched tape, keyboard, axel ty .!*d 10).

It Is new felt that thim met, wiaile perhaps 7e.wor in dat& rate that
ultimately desirable ad relatively Uniu-tagrated * (the gralthical output should
ultimately be cambined with graphical Inut and -tyoed for syIIablic output as
well, retaining caly the keyboard of * -ypawriter" will be highly adequate Ter
thke language, cyotem and programing dev;Yelopment. In addition, work to improve

* these capabilities Is continuing.



b. Output, Gr!pkictJ

A basic decision with respect to output has been made in settling ea a

particular, low-cost, commercially available digital plotter, the Calcemp 560R,

for graphical output at the remote consoles. This device, which has a .01"

resolution, sad a 4"/sec. (max) plotting rate, would seen quite adequate for

almost all plotting requirements considered sad has the added virtue of providing

hard copy. Its plotting rate, while low, is felt to be in keeping with the over-

all philookophy of the time-shared system, i.... to keep the input-output rate

cosisteat with a small frtctlon of the conputers capacity. Although research

is continuing on higher data rate, hard copy devices for graphical output, it is

no longer a matter of urgency, sad the exploratory work on cat oe ray tube

grap&lical output and its associated data storage for display maintenance has been

slowed down. The muck greater cost and extreme dtta rate capability of suck

devices are new felt to be both umneeded and unwarranted, and in say event, are

now undergoing extensive development by the computer manufacturers.

The digital plotter, in its preseat form, respoads to single increment

signals in -x; iy' and "pen up, pen down", which it can accept at may rate up to

200 increment cemands per second.

To provide buffering between tkese units and the 7090 computer, as well as

to change the output format into straight line segment form (delta x, delta y,

slope), a special-purpose computer has keen desigaed around a Bernoull disc

magnetic storage. This computer, which is now being built, will have the

capability of storing up to 64 line segments for each of twelve independent

satellite plotters, converting this information to the form needed by the plotters

at their maximum plotting rate, and accepting bursts of now data as the old is

exhausted. The plotter can, of course, be used in place of a typewriter for

symbolic output as well, but except for very small characters, the rate of

plotting is somewhat slower.

The computer and three associated plotters are expected to be on-line early

in 1962. Is the meantime, for experimental parpose, a single plotter has been

directly connected to the IBM 709 computer'.

Inputu , Ty

An additional flexowriter has. been obtained and is being connected via

previously-designod converters to the present, input-output buffer unit.



d. Grahcal, Hand-Drawn Input

A prototype unit for hand-drawn Input has bee a designed and portions

tested. This low cost device, when completed, will. be capable of .01-. 02"

resolution (less than pencil width), an input4 data rate greater than 1000 points

* per second; with two modes of Input to a~ computer, either Ilse segment (ordinates,

slope and length) or point coordinate (10-bit binary x and y),

* Unlike a light pen, the device will work with ordinary paper and a modifiled

pencil and will not require the use of tba cemputey? In order to operate.

Cwsideration Is now being given to the design of a suitable, low coot,

special-purpose computer for decoding handwriting noad buffering many such

aimultaneously-usmd devices to the single computer.

111. Software

Programaing werk Is continuing In areas relat:.ag to Input, output,

modification of complr, and schedulig. The work Is progressing well, and

is being coordinated with the planned dev'ices for the 7090 computer.

A. Output, rphcal

General routines ame being written to provide for graphical output In

the form of linear, semi-log, a"d leg-lo,~ plot$ f*-j' one-dimensional results,

as well as contour maps for two-dimesionsY4 quaztii~es, utilizing the digital

plotter. Coordinate, point, and textual labelling facilities are also being

£ Included In these routines, utilizing a specialiy-cesigmed character font.

This font will Include English, Greek and seat of T~he mathematical symbols, as

well as super and subscripts.

When complo.te, those object language routine: will be capable of being

compiled Into algebraic-language object programa, t tilizIn; an appropriate Not

of plotting statements.

It is relatively certain that we are,. as of yct, still scratching the

surface with respect to the range of desirable :loris of graphical output, not

to mention reasonable sets of transformatlons o:! output.
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b. Scheduling, e Allocation and Ilut-Output Control

Outside of small-scale simulations, the final programming of these

functions has at yet begun. The analysis of how they are to be dome, keever,

is relatively complete,

C. Nlficatioa Of Existing Cmpilers - Aalysis logramng

The capability of the analysis program developed by this group to aid is

rapidly rewriting and reorganiziag existing coupilers has been expanded, primarily

for purposes of reducing the volume of analyzed program output, as well as for the

purpose of producing flow charts of analyzed programs on the digital plotters.

The flew charting capability is net yet complete.

d. Medification of the 'WAD" Compiler

A basic decision has been made to use the 'WAD" (Michigan Algorithmic

Decoder) source language for the primary "keyboard input" symbolic language of

this system.

The major programmiag cksages to be achieved aipen this compiler are the

followlng measures, aimed at reducing memory requirements, increasing capability,

or d4oreasing the running time of *bJect prograns,

1. The program is to be broken dow into sencverlapping phases, only one

ef which will be in memory at any given time.

2. The textual form of all diagnostic messages will be put on accessible,

but net internal memory.

3. All tables and data rentlting from each tatemeat will be put out In

blocks on tape, rather than occupying memery (until actually required).

4. Insertions and d-letiena of statements will be possible without a

complete recompilation.

5. The preseat handling of arraye var iablew will be modified for reasons

of both speed and minimization of errori.

6 Plotting routines Will be included in the source language.



Ext remely f ast routinass are aow beintg programed ad tested for the us* of

on-l ine handwrit ten (discoanected) characters. The icharacter foat to be

recognized, ad the specific routines fesr dececdtag will be specific for eachk

separate user. The user will supply ence a complete sample of the characters

which he will use, and the routines, based upon their analysis, will generate

a small program for the analysis. The routines arsa being designed. to have a

high rejection rate In the case of unacertainty so that errors cam be tamdiatoly

corected.


